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Abstract

Aims Lamotrigine is one of the most widely used antiepileptic drugs, but it has a critical issue of a skin rash if the starting dose

is too high or the escalation rate is too rapid. We investigated the efficacy and safety of a novel and rapid titration protocol for

lamotrigine that takes only 11 days to reach a daily dose of 200 mg. Methods We prospectively enrolled 33 adult patients (age

18-85) who were diagnosed with epilepsy and started lamotrigine administration for the first time at a single tertiary hospital.

Our new protocol starts with a subthreshold dose of the drug and then administer a stepwise-incremental dose until reaching

the full therapeutic dose within 11 days. Results Of 29 patients analyzed, only two (6.9%) experienced idiosyncratic skin rash

before the first follow-up visit at 2 weeks (±3 days). In addition, a therapeutic concentration was reached in more than 75%

of studied patients after 2 weeks of lamotrigine administration Conclusion These findings demonstrate the value of the novel

tolerance induction protocol for lamotrigine, which could widen the available application of lamotrigine in various situations.
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What is already known about this subject:

Lamotrigine has a high risk of cutaneous adverse reactions if the starting dose is too high or if the escalation
is made too rapidly. Thus, the conventional titration protocol recommends to be slower to be safer, taking
more than 8 weeks to reach the usual maintenance dose.

What this study adds:

We introduce a new lamotrigine titration protocol that takes only eleven days to reach the usual maintenance
dose without increasing the risk of skin rash. By reducing the titration duration, this protocol can lead to
an increase in lamotrigine prescription for various indications including frequent seizures and psychiatric
diseases.

Abstract

Aims

Lamotrigine is one of the most widely used antiepileptic drugs, but it has a critical issue of a skin rash if
the starting dose is too high or the escalation rate is too rapid. We investigated the efficacy and safety of a
novel and rapid titration protocol for lamotrigine that takes only 11 days to reach a daily dose of 200 mg.

Methods

2
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We prospectively enrolled 33 adult patients (age 18-85) who were diagnosed with epilepsy and started
lamotrigine administration for the first time at a single tertiary hospital. Our new protocol starts with
a subthreshold dose of the drug and then administer a stepwise-incremental dose until reaching the full
therapeutic dose within 11 days.

Results

Of 29 patients analyzed, only two (6.9%) experienced idiosyncratic skin rash before the first follow-up visit
at 2 weeks (±3 days). In addition, a therapeutic concentration was reached in more than 75% of studied
patients after 2 weeks of lamotrigine administration

Conclusion

These findings demonstrate the value of the novel tolerance induction protocol for lamotrigine, which could
widen the available application of lamotrigine in various situations.

Introduction

Lamotrigine is a widely used first-line antiepileptic drug (AED) in both adults and children with epilepsy.[1,
2] Especially in elderly epilepsy patients, it is the drug of choice and has the highest retention rate.[3]
Moreover, lamotrigine is also a useful option for psychiatric disorders such as bipolar disorder.[4, 5] However,
the major hindrance of lamotrigine administration has been the potentially life-threatening skin rash.[6, 7]
As an aromatic AED, lamotrigine has a high risk of inducing an idiosyncratic adverse reaction.[8] The risk
of lamotrigine-induced skin rashes increase if the starting dose is too high or if the escalation is made too
rapidly.[9] Thus, the conventional titration protocol has recommended to be slower to be safer, taking more
than 8 weeks to reach the usual maintenance dose.[9-11]

Tolerance induction of a drug in patients who have drug allergies can be achieved by administration protocol
adjustment.[12] The main strategy is to start with the administration of a suboptimal dose of the drug antigen
and then to administer a stepwise-incremental dose until the full therapeutic dose is reached.[13] Various
AEDs that are prone to skin rashes, including carbamazepine, oxcarbazepine, valproic acids, phenytoin, and
phenobarbital, have been proven to be safely desensitized.[14-20] Moreover, even in chemotherapy, rituximab
was also successfully desensitized by a stepwise-incremental protocol via the intravenous or intraperitoneal
route.[21, 22] Likewise, with the same concept, tolerance to a certain drug has been successfully achieved
even in drug- näıve patients who were at high risk but never experienced drug rashes before.[23] Jung and the
colleagues classified patients according to the presence of a certain type of human leukocyte antigen (HLA)
which is strongly associated with allopurinol-induced severe cutaneous reactions. The slow oral tolerance
induction protocol of allopurinol was then applied to the high risk drug-näıve patients, showing a significant
reduction in the skin rash.

We hypothesized that the idiosyncratic skin rash in response to lamotrigine could be prevented with the
rapid tolerance induction protocol, which would consequently shorten the duration of the titration. Here, we
introduce a new lamotrigine titration protocol that takes only eleven days to reach the usual maintenance
dose without increasing the risk of skin rash.

Method

Patient enrollments

We prospectively enrolled adult patients (age 18-85) who were diagnosed with epilepsy and started lamotrigi-
ne administration for the first time at Seoul National University Hospital from July 2016 to November 2018.
Patients who had ever been prescribed enzyme-inducing AEDs (phenytoin, phenobarbital, carbamazepine,
oxcarbazepine), enzyme-inhibiting AED (valproic acid), or oral contraceptives or had ever experienced drug
rashes were excluded.

Clinical assessment

3
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This study was approved by the Institutional Review Board of the Seoul National University (IRB No 1605-
121-764), and was registered at ClinicalTrials.gov (NCT 03220256). Written informed consent was obtained
from all patients.

Patients were asked to visit the outpatient clinic after two weeks (±3 days) from the protocol onset. When the
patient experienced any adverse event before the 1st follow-up visit, they were informed to report the issue
to the researcher by phone. Cutaneous adverse events were evaluated according to the Common Terminology
Criteria for Adverse Events (CTCAE) version 4.0. The extent of the skin lesion was calculated using the
Lund & Browder body surface chart. The primary outcome was defined as the occurrence of a skin rash until
the 1st follow-up. The secondary outcome was the severity of the skin rash, the lamotrigine serum level, and
the occurrence of skin rash beyond 2 weeks of lamotrigine administration. The patients were disqualified
from the study when they did not appear to a scheduled visit. Also, patients were dropped out from the
study when they omitted three doses of two consecutive doses on their own discretion.

Lamotrigine rapid tolerance induction protocol

Lamotrigine was prescribed to the patients following an 11-day schedule for the rapid tolerance induction
protocol (Table 1, Figure). The protocol started with a dose of 0.1 mg, and the next dose was escalated to
1.5-2.5 times the previous dose every 12 hours. From day 4, the same dose was given twice a day, and the
daily dose of lamotrigine was escalated to 1.5-2 times the previous dose every day, reaching 100 mg bid on
day 11. After the 11th day, the dose was titrated according to the clinician’s decision. Doses below 2.5mg
were mixed with saccha lactose and prepared as powdered medicine at the hospital pharmacy.

Fluorescence-activated cell sorting analysis of regulatory T cells before and after the titration
protocol

We evaluated fluorescence-activated cell sorting ( FACS) analysis to evaluate the proportion of regulatory
T (Treg) cells among CD4+ helper T cells before the lamotrigine rapid titration and after the 2 weeks (±3
days) of the 1st follow-up visit because former studies have demonstrated the increase of the percentage of
the total Treg cells after the tolerance induction of drugs.

The difference of the proportion of the Tregs before and after the lamotrigine rapid titration was analyzed
with the Wilcoxon matched pairs signed-rank test. STATA 14 (StataCorp LLC., Texas, USA) was used for
analysis, and a p -value < .05 was considered as statistically significant.

Result

Patient characteristics

Of the 33 patients who were enrolled in the current study, four patients (12%) were disqualified; two patients
were lost to follow-up, and two patients omitted lamotrigine more than 3 times without an agreement. Thus,
twenty-nine patients (88%) were ultimately analyzed (Table 2). Thirteen patients were males (44.8%), and
the median age was 34 years [interquartile range, 36-45 years]. Twenty-four hours video electroencephalogram
were performed for all patients; temporal lobe epilepsy was the most common diagnosis (15, 51.7%), followed
by idiopathic generalized epilepsy (8, 27.6%). Seven patients (24.1%) had taken an AED before lamotrigine
administration, with levetiracetam being the most common. None of the patients had taken an aromatic
AED, previously.

Idiosyncratic skin rash occurrence after lamotrigine rapid titration

Two patients (2 of 29, 6.9%) experienced idiosyncratic skin rash before the 1st follow-up visit (Table 2). One
patient (Patient ID 1) had a relatively mild rash on the arms and one leg (BSA 18%) on day 14 (on lamotrigine
dose 100 mg bid). The skin lesion disappeared after changing the AED to levetiracetam. The other patient
(Patient ID 2) experienced acute-onset maculopapular rash on the whole body (BSA>95%) on day 17 (on
lamotrigine dose 100 mg bid) just after the administration of propranolol due to newly diagnosed postural
tachycardia syndrome. The rash subsided the next day after withholding lamotrigine and propranolol.
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Serum lamotrigine level and long-term assessment

At the 1st follow-up visit, the serum lamotrigine level was checked in 22 patients (75.9%) (Table 2). The
mean value of the serum lamotrigine level was 3.85 mcg/mL (SD 2.07). Among them, 17 patients (77.2%)
successfully reached the therapeutic serum level (2.5-15 mcg/mL)[24] within 2 weeks.

Beyond the 1st follow-up visit at 2 weeks (±3 days), a delayed-onset skin rash appeared in three patients
(Patient ID 3, 4, and 5, 10.3%). One patient (Patient ID 3) had a maculopapular rash on the neck, body,
arms, and legs (BSA 41%) on day 19 just after increasing the dose of lamotrigine to 150 mg twice a day.
One patient (Patient ID 4) experienced a maculopapular rash on almost the whole body below the neck
(BSA 91%) on day 24 (on lamotrigine 100 mg bid), but it was unclear whether the rash was induced by
lamotrigine. While the dosage of lamotrigine was maintained at 100 mg twice a day for nearly two weeks,
common cold drugs (codeine, bromhexine, chlorpheniramine, and roxithromycin were given to the patient
since 3 days before the rash occurrence. After withholding the cold medications and lamotrigine, the rash
subsided. The other patient (Patient ID 5) reported a very mild skin rash on the thigh on day 28; therefore,
the lamotrigine was prescribed continuously (on 100 mg bid). Afterward, celecoxib was added as the painkiller
for an orthopedic reason. After 9 days, the skin rash on the hand and thigh (BSA 6%) flared up; therefore,
lamotrigine and celecoxib were stopped. The rash disappeared soon after the discontinuation. However, none
of the patients experienced Stevens-Johnson syndrome or toxic epidermal necrosis.

The proportion of regulatory T cells among the total CD4+ T cells before and after the
titration protocol

FACS analysis of the Treg cells was performed before and after the lamotrigine rapid titration in 10 patients.
The mean value of the percentage of Treg before the titration was 4.64 % (SD 0.64) and that of Treg after
the titration was 4.00% (SD 0.93). No statistically significant alteration of the Treg proportion was observed
after the lamotrigine tolerance induction (p=0.333).

Discussion

Here, we demonstrated a new titration protocol for lamotrigine that could be faster and safer than the
conventional titration protocol. The conventional protocol starts with a dose of 25 mg per day and doubles
it every one to two weeks, requiring up to 8 weeks to reach the maintenance dose of 200 mg per day. Our
rapid protocol dramatically reduces the time required for titration and reaches 200 mg per day in 11 days
without severe cutaneous adverse reactions.

The new titration protocol was safer in terms of cutaneous adverse reactions when compared to the con-
ventional titration protocol. Only 6.9% (2/29) of the patients experienced skin rash during rapid titration,
which was lower than the rate of cutaneous adverse reactions after lamotrigine in the Korean population,
which has been reported to be up to 22.5% (23/102).[25] Furthermore, one of these patients experienced
idiosyncratic skin rash just after the administration of propranolol, suggesting that lamotrigine may not be
the true cause of the skin rash. Additional 3 patients encountered skin rash beyond the 1st follow-up visit;
one patient experienced skin rash after the dose escalation of lamotrigine to 150 mg bid, and two patients
experienced skin rash after the administration of a potentially causative drug (roxithromycin and celecoxib,
respectively). We think the skin rash could have been preventable by further protocol refinement in the first
patient and the lamotrigine was not the culprit drug in the latter two patients.

The new titration protocol allows the lamotrigine serum levels to rise rapidly to the therapeutic range
in a fairly short time. At the 1st follow-up visit, 2 weeks (±3 days) after lamotrigine administration, the
therapeutic concentration was reached in more than three-quarters of the measured patients. Two patients
(Patient ID 14 and 23) with frequent seizures at baseline (5 times/week and 2 times/week, respectively)
experienced significant seizure reduction by reaching the therapeutic concentration (serum lamotrigine level
4.6 and 5.5 mcg/mL, respectively) within 2 weeks of lamotrigine administration. Conventionally, patients
who start taking lamotrigine would be exposed to sustained risk of seizure for nearly two months until the
lamotrigine reach the therapeutic levels. Therefore, combined prescription of other AEDs are often required

5
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during the titration period. Thus, the currnet protocol would be extremely useful in severe epilepsy patients
with frequent seizures, and it will shorten the duration of bridging therapy during the conversion from other
AEDs to lamotrigine. Moreover, this protocol can be useful in the acute management of psychiatric disorders
such as bipolar disorder in an acute stage of a manic state.

Desensitization protocols, originally developed for the prevention of drug allergies, can also be effective when
starting a new drug. Desensitization protocols induce temporary tolerance to a drug in patients who have
experienced drug hypersensitivity.[26] The protocols start with a suboptimal dose of the drug antigen at
fixed time intervals, followed by stepwise incremental increases to full therapeutic doses, and they have
been successful at avoiding skin rashes in response to many drugs, including AEDs and antibiotics.[27, 28]
Desensitization protocols can be refined by increasing the step of incremental dose, which normally induces
fewer symptoms.[29] The mechanism of desensitization is not fully understood, but it is thought to be
achieved by reducing the mast cell and basophil response or by increasing drug-specific Treg cells,[13, 29,
30] so that it could also be effective in drug-näıve patients. Jung et al. demonstrated that the desensitization
protocol was useful during the first administration of allopurinol in high-risk patients.[23] In line with this,
our study demonstrates that tolerance to lamotrigine can be achieved by applying the rapid desensitization
protocol to patients who start receiving lamotrigine.

However, the exact mechanism of tolerance induction is worth being investigated. We assessed the proportion
of Treg cells among the total CD4+ T cells before and after the protocol in some patients, which did
not demonstrate any meaningful alterations. This shows the different result with other studies of AED
desensitization having the increase of the proportion of the total Tregs after the tolerance induction. The
discrepancy could come from the fundamental difference of the immune reactions, in that our tolerance
induction targets the naive immune cells, but the former studies are the desensitization protocol against
the memory T cells, which the patients already had had the immunity against the AEDs. Thus, for the
tolerance induction, the percentage of the antigen-specific Treg cells, not that of the total Treg cells, could
have mattered to the tolerance induction. The alteration of drug-specific T cells and mast cell/basophil
functions after titration should be investigated in the future.

This study is limited by the small number of patients and its uncontrolled and open-label design. Subsequent
studies should be conducted in a larger number of patients. Further protocol refinement may increase the
safety of the protocol, and strategies for increasing lamotrigine to a higher daily dose (beyond 100 mg bid)
should be investigated.

In conclusion, our study demonstrated a successful rapid tolerance induction protocol for lamotrigine in
patients with epilepsy. It significantly reduced the duration of titration to 11 days with noticeable safety,
which will be extremely helpful in patients with frequent seizures who require prompt dose escalation of
AEDs. Moreover, this protocol can lead to an increase in lamotrigine prescription for various indications.
Thus, additional refinement and validation of the protocol should be investigated in a larger trial in the near
future.
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Figure. The protocols of lamotrigine titration. Scheme of the conventional and rapid lamotrigine
titration protocols. The number inside the box indicates the daily dose of lamotrigine. The conventional
protocols start with a dose of 12.5 mg bid for the first and second weeks and double it to 25mg bid in the
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third and fourth weeks. From the fifth week, the daily dose is increased by 50 mg every one to two weeks,
requiring up to 8 weeks to reach the maintenance dose of 200mg per day. This conventional protocol is for
patients not taking cytochrome P inducer or inhibitor. Our rapid titration protocol starts with a dose of 0.1
mg, and the next dose is escalated to 1.5-2.5 times the previous dose every 12 hours. From day 4, the same
dose is given twice a day, and the daily dose is escalated to 1.5-2 times the previous dose every day, reaching
100 mg bid on day 11. After day 11, the dose is titrated according to the clinician’s decision.

Table 1. Tolerance induction protocol for lamotrigine Table 1. Tolerance induction protocol for lamotrigine Table 1. Tolerance induction protocol for lamotrigine

Day Dose Total daily dose
1 0.1-0.25 mg q12h 0.35 mg
2 0.5-0.75 mg q12h 1.25 mg
3 –1-1.5 mg q12h 2.5 mg
4 2.5 mg bid 5 mg
5 5 mg bid 10 mg
6 10 mg bid 20 mg
7 15 mg bid 30 mg
8 25 mg bid 50 mg
9 50 mg bid 100 mg
10 75 mg bid 150 mg
11- 100 mg bid 200 mg
bid = twice a day; q12h = every 12 hours. bid = twice a day; q12h = every 12 hours. bid = twice a day; q12h = every 12 hours.
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ID Sex/Age Diagnosis Combined
AED

Idiosyncratic
Skin
rash*

(days
after
LMT)

LMT
level at
1st FU

Skin
rash
beyond
1st FU
(days
after
LMT)

Rash
Ty-
pe/BSA(%)¶

Potential
Trigger-
ing
factor

LMT
discon-
tinua-
tion
related
to rash
(daily
dose at
rash)

Follow-
up with
LMT
(months)

1 F/45 Lt.
OLE

+ (14
d)

6.9 - Maculopapular/18(-) + (100
mg
bid)

0.5
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2 M/20 IGE + (17
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mg
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0.5

3 F/62 Rt.
TLE

- 4.2 + (19
d)

Maculopapular/41(-) + (150
mg
bid)

0.5

4 F/31 Bilat.
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- 9.4 + (24
d)

Maculopapular/91Roxithromycin+++ (100
mg
bid)

0.5

5 F/44 Lt.
TLE

- 5.2 + (37
d)

Maculopapular/6Celecoxib§ + (100
mg
bid)

1
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- 5.1 - - 8
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OLE
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17 M/27 IGE - <0.1 - - 20
18 F/72 Lt.

TLE
- 3.8 - - 22
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19 F/22 IGE - 3.4 - - 23
20 M/35 Bilat.

FLE
LEV - 2.6 - - 23

21 M/20 IGE LEV - 2.6 - - 24
22 F/49 JAE CLZ - 3.6 - - 24
23 M/34 Rt.

TLE
LEV - 5.5 - - 25

24 M/26 IGE ETX - 4.6 - - 27
25 M/24 Lt.

TLE
- N/A - - 27

26 M/26 IGE - 2.4 - - 29
27 F/34 Bilat.

TLE
- 1.6 - - 30

28 F/18 Rt.
FLE

LEV - 4.7 - - 31

29 M/39 IGE - 3.2 - - 32
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